Abstract. In the case of one phase failure, the switched reluctance motor (SRM) will behave nearly the same, both in open circuit and in short circuit failure. This means, that the machine will understand the two faults in the same way which makes the SRM faults detection and diagnosis a more challenging task. In this paper, a diagnosis method based on statistical pattern recognition (PR) analysis associated with a new state estimator is used to detect and to classify automatically the electrical faults, short-and open-circuit under any level of load of the studied system: redundant three-phase power converter fed 6/4 SRM. The phases making a PR analysis, the training and the decision phases have been developed in the paper. The training data is carried out using a set of fault scenarios, between healthy, single and combined faults, in terms of torque at different load level, 25%, 50% and 75% of the nominal load in order to deduce the fault severity. Each case is then analyzed numerically. The training set being not exhaustive, it is impossible to have measurements with and without fault, for any the level of load. For this purpose, Kalman estimator is used to tracking of various operating modes and to predict the evolution of the call out of the knowledge database (for instance for overload or the more sever fault) for a given operating mode in order to realize a preventive maintenance. Kalman filter has two steps: the prediction step, where the next state of the system is predicted given the previous measurements, and the update step, where the current state of the system is estimated given the measurement at that time step. The results show the superiority of Kalman predictor in the estimation and prediction changes in the severity of the SRM failure as it has been demonstrated that pattern recognition methods can be successfully applied to the diagnosis of switched reluctance motors fed by a power converter.
Introduction
Predictive maintenance of electrical machinery is a field drawing increasing attention in the industrial and academic environment. The huge costs caused by unexpected faults in these machines, often involved in critical industrial processes, constitute a clear motive justifying this concern. Most of the recent research has been directed toward electrical monitoring of the induction machine (IM) in particular on inspecting a stator current. That's why we seek to apply proven methods of induction machines [1] to switched reluctance machines (SRM). SRM is known to be fault tolerant; therefore, it was used for applications requiring a high level of safety such as, aeronautical, military and medical. A fault in one phase of SRM affects only the flawed phase and other phases can continue to operate independently. This is due in large part to the decoupling of the machine phases. In the case of one phase failure, the SRM will behave nearly the same, both in open circuit and in short circuit [2] also for a given type of fault it is impossible to have a measures for any level of load and for any degree of severity (one phase, one channel, one switches, two switches). This means, that the machine will understand the two faults in the same way which makes the SRM faults detection and diagnosis a more challenging task. This paper presents a diagnosis method based on torque measurement obtained from a numerical approach by finite elements method (FEM) performed under FLUX 2D software [3] and pattern recognition analysis. This method is used to detect and localize failures in a set inverter-SR motor. The aim is to identify automatically the operating conditions (faulty or not) under any level of load.
Diagnosis by Pattern Recognition
Pattern recognition is used to classify objects (forms) by comparing them with standard forms. It is used in a large number of applications. This tool has the capacity of training. It works on forms which are defined by a set of parameters. Forms are represented by points in the corresponding representation space. In diagnosis, these objects or forms represent one or more operating modes and are characterized by a pattern vector. We call pattern vector, the set of parameters, which are sensitive to the fault. In our case, these parameters are built from the torque measurement. The design of a diagnosis system by pattern recognition deals with two phases: training phase & decision phase.
Kalman Predictor Approach
It supposed that the evolution of each component of the pattern vector is defined by a discrete linear variant first order.
Where xk is the state vector (pattern vector), uk is the control input (load level) and yk is the measurement. The evolution variable k corresponds to a change (increase in our example) of load level. The wk and vk are the measurements noises, Fk is the evolution matrix, Gk is the load level matrix and C is the output matrix. 
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